Introduction {#Sec1}
============

Human faeces consist of residues and moisture remaining after the absorption of nutrients from food and the bacteria coexisting in the intestine (gut microbiome)^[@CR1],[@CR2]^. The faecal condition is associated with various diseases^[@CR3]--[@CR9]^ as well as the state of dietary and nutrient intake^[@CR10],[@CR11]^, and may be reflective of the characteristics of the gut microbiome^[@CR12],[@CR13]^.

A previous study revealed a negative correlation between faecal weight and the risk of developing colon cancer^[@CR3]^, and this risk was lower if the daily stool volume was above 150 g^[@CR14]^. Faecal form has also been reported to be associated with disease; patients with irritable bowel syndrome^[@CR15]^ have been reported to frequently repeat defecation with loose and lumpy faeces^[@CR4],[@CR16],[@CR17]^, while patients with urinary tract symptoms or enlarged prostate^[@CR18],[@CR19]^ and gallbladder disease^[@CR20]^ have faeces with lumpy and loose forms, respectively. Moreover, an association between faecal condition and gut microbiome has also been reported with a higher occurrence of loose and watery stool in individuals whose gut microbiome was classified as the *Prevotella* enterotype^[@CR13]^. Associations between stool colour and biliary atresia in infants^[@CR21]^, as well as upper and lower gastrointestinal bleeding^[@CR22]^, have also been described. The faecal gas in individuals with irritable bowel syndrome, ulcerative colitis, colon cancer, and adenoma may contain specific patterns of volatile compounds^[@CR23]--[@CR26]^. Furthermore, a positive correlation between faecal volume and intake of dietary fibre has been reported^[@CR27]^. Therefore, evaluation of faecal condition based on different parameters may be useful in screening for various diseases and may help to understand the status of an individual's nutrient intake.

The Bristol Stool Form Scale (BSFS) is a well-known tool for classifying faecal form^[@CR28]--[@CR30]^. Stool colour cards have also been used to screen for biliary atresia in infants^[@CR21],[@CR31]--[@CR34]^ and for gastrointestinal bleeding in adults. However, no tools are available that allow convenient observation and evaluation of faecal volume and odour, and no tools have been reported that allow for comprehensive observation and evaluation of faecal condition. Therefore, this study was performed to develop and evaluate the validity of a multifaceted tool to assess faecal characteristics, such as volume, form, colour, and odour. To our knowledge, this is first validation study of an assessment tool for the observational evaluation of multifaceted faecal condition in healthy adults.

Methods {#Sec2}
=======

Participants {#Sec3}
------------

Overall, 38 adults aged between 22 and 79 years participated in this cross-sectional study (men, *n* = 20; women, *n* = 18). All participants were physically independent and had no history of cancer, cardiovascular, liver, or gastrointestinal disease (colonic disease and gallbladder disease), or diabetes. The participants were also questioned about exposure to antibiotics, laxatives, or anti-flatulence drugs in the previous month. The study protocol was reviewed and approved by the Research Ethical Review Committee of the National Institute of Biomedical Innovation, Health, and Nutrition (approval number: health and nutrition 42-01). Study procedures as well as the risks associated with participation were explained and written informed consent was obtained from all participants. Moreover, all study procedures were performed in accordance with relevant guidelines/regulations.

Study procedure {#Sec4}
---------------

This cross-sectional study examined: (1) the validity of observational evaluations by each participant and by one researcher using the faecal assessment tool in comparison to objective and physical evaluations, and (2) the degrees of coincidence of the same faecal evaluation by each participant and the researcher performed using the faecal assessment tool.

The participants arrived at the laboratory according to their daily bowel movement schedule. Following measurements of height, weight, and body fat, the participants rested until they responded to their bowel movement, and defecated the entire faecal amount onto a disposable polypropylene tray (250 × 175 × 31 mm) in the laboratory toilet. After defecation, the faecal weight was immediately measured by the researcher. The participants then used the faecal assessment tool to observe and evaluate the volume, form, colour, and odour of their own faeces. Similarly, the researcher used the same tool to examine these characteristics. After completion of the tool-based evaluation, the whole sample was uniformly mixed. Based on the stool output, 1--5 polystyrene Petri dishes (40 mm in diameter and 10 mm in depth) were each filled with 10 g of the faeces sample to analyse its hardness, colour, and odour. To measure the moisture content, 5--7 g of the sample was placed onto an aluminum plate. All observations and analyses were completed within 1 hour after defecation. All measurements were carried out at a temperature of 21.5 °C ± 1.3 °C and 26.6% ± 10.2% humidity. If participants did not produce a bowel movement within 3 hours after arriving at the laboratory, they were requested to return on another day to repeat the experiment.

Faecal assessment tool {#Sec5}
----------------------

We developed a faecal assessment tool to compare and observe actual faecal volume, form, colour, and odour (Fig. [1](#Fig1){ref-type="fig"}). The faecal amount was estimated by the number of stool units (from 1, 0.5 units to 8, \>4 units) referring to the stool model (2 cm in diameter, 10 cm in length, cylindrical in shape) illustrated on the handout. A 10-cm scale was also printed on one side of the handout to allow estimation of faeces length and width. The BSFS was designed with written descriptors^[@CR28]^ but representative pictures of each stool type were subsequently added for clarity. The faeces form was evaluated based on the modified BSFS (Fig. [1](#Fig1){ref-type="fig"}): types 1 and 2, hard stool; types 6 and 7, loose/liquid; and types 3, 4, and 5, normal stool^[@CR35]^. For faecal colour assessment, the closest of the six colours indicated on the faecal assessment tool compared to the actual colour of the faeces was selected. The colour observation was conducted under fixed light conditions (standard fluorescent lamp D65 light source). The six colours on the faecal assessment tool were the colours listed on the colour standard Z8721 (JIS Z 8721-1964): 1) 5Y8/12 (yellow), 2) 2.5Y7/12 (light yellowish-brown), 3) 10YR5/8 (yellowish-brown), 4) 7.5YR7/12 (brown), 5) 5Y4/4 (greenish-dark brown), and 6) 2.5GY4/3 (dark brown). Finally, faecal odour was evaluated on a scale from 1--4 (1, odourless; 2, slight; 3, strong; 4, very strong).Figure 1Tool for assessment of faecal volume, form, colour, and odour. (**a**) The faecal amount was estimated by converting the actual volume into a number of faecal model units (i.e., stool model: 2 cm in diameter and 10 cm in length). (**b**) The descriptions are based on the Bristol Stool Form Scale^[@CR40]^. (**c**) The six colours were based on Munsell's colour system as described in the JIS colour standard Z 8721: 1, Yellow (5Y 8/8); 2, Light yellowish-brown (2.5Y 7/12); 3, Yellowish-brown (10YR 5/8); 4, Brown (7.5YR4/6); 5, Dark olive brown (5Y 4/4); 6, Dark olive gray (2.5GY 4/3). The colour reproduction may differ from the actual card colours. (**d**) Strength of odour on the day of defecation.

Objective measurement of faecal characteristics {#Sec6}
-----------------------------------------------

### Faecal weight {#Sec7}

To evaluate the validity of the faecal model of the faecal assessment tool, the entire stool sample was weighed after defecation using a weighing scale (KD-192; Tanita Co. Ltd., Tokyo, Japan). The weight was then compared to the faecal units on the faecal assessment tool (Fig. [1](#Fig1){ref-type="fig"}).

### Moisture content {#Sec8}

Faeces form is associated with its moisture content^[@CR36],[@CR37]^. Therefore, we also examined the relationship between faeces form and moisture content determined using a moisture meter (MB-25; Ohaus Co. Ltd., Parsippany, NJ). Briefly, a 5--7-g faecal sample was uniformly distributed on an aluminum plate and dried at 120 °C. When weight showed a reduction of less than 1 mg during heating for 60 s, the heating process was completed and the dry weight was measured. The moisture content percentage of the faeces was calculated using the following formula: faecal moisture content percentage (%) = (moisture weight − dry weight)/moisture weight × 100%.

### Hardness and adhesiveness {#Sec9}

To evaluate the potential associations between faecal form, hardness, and adhesiveness, we examined the relationship between the BSFS and hardness and adhesiveness using a Creep Meter viscoelastic measurement device (Rheoner RE2--3305, Yamaden Co. Ltd., Tokyo, Japan). A Petri dish (40 mm in diameter and 10 mm in height) was filled with faecal sample and fixed to the Creep Meter. After adjusting the default position of the cylindrical resin plunger (11.3 mm in diameter and 30 mm in height) (P-16; Yamaden) relative to the surface of the sample, it was compressed to a depth of 5 mm (measurement distortion rate 50%) from the surface of the sample at a compression rate of 1 mm/s. After returning the plunger to 5 mm from the sample surface, this compression was repeated. The texture curve profile parameters were determined as follows (Fig. [2](#Fig2){ref-type="fig"}): (1) Hardness (N) was defined as "the maximum force required for compressing the sample" and was calculated as the peak force of the first compression of the sample; (2) Adhesiveness (J/m^3^) was calculated as the integration of the negative force between the first and second compressions. Numerical values were calculated using automatic texture analysis software (TAS-3305, Texture Analyzer for Windows Ver.1.3; Yamaden). A maximum of three faecal samples were measured per participant, and the mean values were used in the analyses.Figure 2Parameter of faecal hardness and adhesiveness using a Creep Meter. H: Faecal hardness (N); A: Faecal adhesiveness (J/m^3^). The peak weighted value was used for faecal hardness and the area under the curve was used for faecal adhesiveness. The first of the two measurements was used. The yellow area shows the value when pressed the second time, which was not used in data analysis.

### Colour analysis {#Sec10}

Faecal colour was measured using a colourimeter (CR-20 Konica Minolta Holdings, Inc., Tokyo, Japan) that can assess the L\*a\*b\* colour space. The L\* of the colourimeter represents lightness based on a scale from 0 to 100 with higher values indicating lighter colour (L\* = 0 is black and L\* = 100 is diffuse white). Red was represented by positive a\* values and green was represented by negative a\* values, while yellow was represented by positive b\* values and blue was represented by negative b\* values. The device was calibrated against a standard white plate. The surface of the faeces in the Petri dish was covered tightly with polyethylene cling wrap and the central area of the faecal sample was measured. A maximum of three faecal samples were measured per participant and the mean values were used in the analyses. Each L\*, a\*, and b\* value was compared between the six colours on the faecal assessment tool.

### Odour {#Sec11}

The faecal odour was measured using an odour measuring device (XP-329IIIa; New Cosmos Electric Inc., Osaka, Japan)^[@CR38]^. This device is highly sensitive but cannot select specific odour components; therefore, the output reading is the result of a composite of various odour components. After the faecal sample in the Petri dish was placed into a sealed glass container (capacity, 800 mL) and odour was allowed to fill the container for 3 minutes, the suction opening of the container lid was connected to the odour measuring device with a Teflon tube. After 1 minute, the sensor reading was recorded. The measurement value was indicated on a scale from 0 to 2000, to represent the intensity of faecal odour. The odour intensity of the air inside an empty container was subtracted from the faecal odour intensity and the result was recorded. A maximum of two faecal samples were measured per participant.

Statistical analysis {#Sec12}
--------------------

The sample size was calculated using the G\*Power statistical power analysis software^[@CR39]^. Using the correlation coefficient of the faecal form (questionnaire) and bowel transit time (measurement value) of 0.77^[@CR40]^, the sample size for this study was calculated by setting the verification power to 80% with an effect size of 0.5 (moderate), and a significance level of α = 0.05. Although the smallest calculated sample size was 21 participants, the final number of participants was set at over 30 considering the possibility of insufficient samples or missing data. Continuous variables are expressed as means and standard deviation, while categorical variables are expressed as medians and percentages (%). The relationships between the observational evaluations (volume, form, colour, odour) using the faecal assessment tool and the actual characteristics of the faeces (weight, moisture content, hardness, adhesiveness, colour value, odour intensity) were tested using Spearman's Rank-Order Correlation. The relationships between the participants' responses and those of the researcher using the faecal assessment tool were tested using Spearman's Rank-Order Correlation and weighted κ coefficients. Interpretation of Kappa values given by Landis and Koch (1977). Kappa Agreements were: \<0.20, slight; 0.21--0.40, fair; 0.41--0.60, moderate; 0.61--0.80, substantial; and ≥0.81, almost perfect^[@CR41]^. The comparisons of mean colour values (L\*a\*b\*) were analysed using one-way analysis of variance (ANOVA) and Tukey's honestly significant difference tests for multiple comparisons. IBM SPSS Statistics for Windows, version 22.0 (IBM, Corp., Armonk, NY) was used for statistical analyses. In all analyses, *P* \< 0.05 was taken to indicate statistical significance.

Results {#Sec13}
=======

Participant characteristics {#Sec14}
---------------------------

The mean age of the 38 participants was 43.9 ± 16.4 years, and their physical characteristics were as follows: height 164.3 ± 8.5 cm; weight 61.3 ± 10.4 kg; body mass index, 22.6 ± 2.9 kg/m^2^; and body fat, 23.5 ± 7.4%. None of the participants had taken antibiotics in the month preceding the study, but two participants had taken laxatives and three had taken anti-flatulence drugs 2 weeks before the study.

Comparison of the observational evaluations performed using the faecal assessment tool and physical and objective evaluations {#Sec15}
-----------------------------------------------------------------------------------------------------------------------------

### Stool volume {#Sec16}

The stool volumes observed by the participants were classified into eight different categories (0.5--4 stool model units) and were uniformly distributed across the entire category range (Table [1](#Tab1){ref-type="table"}). The median stool volume as assessed by the participants was category 3, which was equivalent to 1.5 units in the stool model. Furthermore, 84% of the participants reported stool volumes equivalent to 0.5--2 stool model units.Table 1Distribution of observed faecal conditions of the participants (*n* = 38).*N*%Stool volume1. 0.5 units923.72. 1 unit718.43. 1.5 units718.44. 2 units923.75. 2.5 units12.66. 3 units37.97. 3.5 units12.68. 4 units12.6Stool formType 225.3Type 3923.7Type 41642.1Type 5513.2Type 6513.2Type 712.6Stool colourColour 31128.9Colour 42155.3Colour 5615.8Stool odour1. Odourless12.62. Slightly strong1334.23. Strong2052.64. Very strong410.5Values are shown as the number of participants (*n*) or distribution (%).

The measured weight was 69.2 ± 47.0 g (range, 6.4--196.0 g). There was a significant positive correlation (ρ = 0.778, *P* \< 0.001) between the stool volume assessed by the participants and the actual measured weight of the faeces (Fig. [3a](#Fig3){ref-type="fig"}). Comparison of the researcher's observed stool volume and the actual measured weight revealed a better correlation (ρ = 0.940, *P* \< 0.001) than that of the participants. A regression equation (y = 19.3x + 9.2) was calculated from the stool volume evaluated by each participant (x) and the actual measured weight (y). The estimated faecal weight per stool model unit calculated using the regression equation was 47.8 g.Figure 3Correlations between observational evaluations (volume, form) using the faecal assessment tool and objective measurement of the actual faeces. (**a**) Correlation between the number of faecal models and the actual weight of the faeces. The number of stool models (cylindrical shape with a diameter of 2 cm and a length of 10 cm) selected by the 38 healthy participants was correlated with the actual weight of the faeces. (**b**) Correlation between the faecal form using the Bristol Stool Form scale and the faecal moisture content. The Bristol Stool Form Scale classified by 38 healthy participants was correlated with the faecal moisture content. (**c**) Correlation between the faecal form using the Bristol Stool Form scale and the hardness of the faeces. The Bristol Stool Form Scale classified by the 38 healthy participants was correlated with the hardness of the faeces.

### Stool form {#Sec17}

The participants' responses on stool form based on the faecal assessment tool were distributed between Types 2 and 7, with Type 4 being the most common response (42.1%). The normal stool forms, Type 3 (23.7%), Type 4 (42.1%), and Type 5 (13.2%), accounted for 79% of the responses (Table [1](#Tab1){ref-type="table"}). There were no responses for Type 1 and only one participant reported Type 7 (2.6%). The faecal moisture content percentage was 76.9% ± 7.1% (range, 64.4%--90.2%). A significant positive correlation was observed between the participant-observed stool form responses and the faecal moisture content percentage (ρ = 0.717, *P* \< 0.001) (Fig. [3b](#Fig3){ref-type="fig"}). The correlation (ρ = 0.782, *P* \< 0.001) was stronger between the researcher's observed stool form responses and the faecal moisture content percentage.

The average faecal hardness evaluated using the Creep Meter was 1.68 ± 1.7 (N) (range, 0.07--6.2). The average faecal adhesiveness was 2,696 ± 2,481 J/m^3^ (range, 87.6--10,185). A significant negative correlation (ρ = −0.843, *P* \< 0.001) was observed between the participants' observed stool forms and the physical measurement of the faecal hardness (Fig. [3c](#Fig3){ref-type="fig"}). A significant negative correlation (ρ = −0.761, *P* \< 0.001) was also observed between the participant's responses and the adhesiveness of the faeces. Compared to that of the participants, the correlation was stronger between the researcher's responses and the stool hardness (ρ = −0.902, *P* \< 0.001) and adhesiveness (ρ = −0.816, *P* \< 0.001).

### Stool colour {#Sec18}

Observational judgment using the faecal assessment tool was compared to objective colour evaluation using a colourimeter. The participants' observational colour judgment responses were as follows: colour 3, 28.9%; colour 4, 55.3%; and colour 5, 15.8%. None of the participants reported colours 1, 2, or 6 (Table [1](#Tab1){ref-type="table"}).

The mean values of the three indices used to objectively evaluate faecal colour were: L\*-value 32.8 ± 3.6 (range, 25.1--39.0), a\*-value 7.4 ± 2.0 (range, 4.3--11.3), and b\*-value 17.1 ± 5.1 (range, 9.0--28.4). There were significant differences in L\*a\*b\* values among the colour responses using the faecal assessment tool. A significant difference in L\* value indicating lightness was observed between colour 3 (yellowish-brown) and colour 5 (greenish-dark brown) (35.1 ± 3.1 vs. 30.7 ± 4.0, respectively, *P* = 0.043, Fig. [4a](#Fig4){ref-type="fig"}). Significant differences in the a\* and b\* values indicating redness and yellowness were observed between colour 3 and colour 5 (8.6 ± 1.8 vs. 5.2 ± 0.7, *P* = 0.001; 21.9 ± 5.5 vs. 13.3 ± 2.1, *P* = 0.001, respectively, Fig. [4b,c](#Fig4){ref-type="fig"}). Furthermore, the researcher's evaluations were similar to those of the participants, and also differed significantly compared to the objective index.Figure 4Relationship between stool colour by observational evaluation and L\*a\*b\* values determined using a colourimeter. The black dots indicate individual values, while the bars indicate the average values (*n* = 38). The data were analysed by one-way ANOVA and the differences among the mean values were analysed using Tukey's post hoc test. Colour values: (**a**) L\*; lightness (**b**) a\*; green-red (**c**) b\*; blue-yellow.

### Stool odour {#Sec19}

The objectively evaluated Odour Index yielded a mean value of 391 ± 172 (range, 146--821). There was no significant correlation between the observational odour evaluation (four levels) and the Odour Index (ρ = −0.048, *P* = 0.777). However, there was a significant positive correlation between the researcher's observational odour evaluation and the Odour Index (ρ = 0.694, *P* \< 0.001).

Examination of the degree of coincidence between observers {#Sec20}
----------------------------------------------------------

Significant correlations were observed between the participants' and the researcher's evaluations with regard to the stool volume (ρ = 0.793, *P* \< 0.001), form (ρ = 0.874, *P* \< 0.001), and colour (ρ = 0.726, *P* \< 0.001), as shown in Table [2](#Tab2){ref-type="table"}. There was no significant correlation for stool odour (ρ = 0.221, *P* = 0.182). Moreover, moderate degrees of coincidence, evaluated using the kappa coefficient, were observed for stool volume (weighted κ = 0.708, *P* \< 0.001) and colour (weighted κ = 0.708, *P* \< 0.001). Furthermore, there was a high degree of coincidence for stool form (weighted κ = 0.887, *P* \< 0.001), but a low degree of coincidence for stool odour (weighted κ = 0.243, *P* = 0.031).Table 2Degree of coincidence between observational evaluation of each participant (*n* = 38) and a researcher using the faecal assessment tool.Spearman's rho*P*-valueWeighted κ*P*-valueStool volume0.793\<0.0010.708\<0.001Stool form0.874\<0.0010.887\<0.001Stool colour0.726\<0.0010.708\<0.001Stool odour0.2210.1820.2430.031Interpretation of Kappa (κ) values given by Landis and Koch (1977). Kappa Agreements were: \<0.20, slight; 0.21--0.40, fair; 0.41--0.60, moderate; 0.61--0.80, substantial; and ≥0.81, almost perfect.

Discussion {#Sec21}
==========

To evaluate the validity of a faecal assessment tool to assess faecal conditions, the observational assessments of stool volume, form, colour, and odour were compared to objective and physical characteristics of the actual faeces in healthy adults. The results can be summarized as follows. (1) The number of stool model units and the faecal weight measured using the weighing scales showed a strong and significant correlation. (2) A moderate significant positive correlation was observed between the observational stool form using the seven-level BSFS and the moisture content. Moderate-to-high significant negative correlations were observed for the observational stool form and faecal hardness and adhesiveness. (3) There were significant differences in the L\*a\*b\* colour values measured using the colourimeter among the observational colour responses in the faecal assessment tool. (4) There was no significant correlation between the observational odour evaluation and the odour index. (5) The correlations between the observational assessments and objective results by the researcher were stronger than those made by each participant. (6) The degrees of coincidence of each participant's observational evaluations and the researcher's observational evaluations showed moderate degrees of coincidence for stool output and colour, a high degree of coincidence for stool form, and a low degree of coincidence for stool odour. These results suggest that it is possible to effectively estimate volume, form, and colour, but not odour, of stool using the faecal assessment tool.

The BSFS is one of the most widely used indices in both clinical and research settings^[@CR28]^ for assessing faecal condition based on faecal from and apparent texture. However, there are no data on the validity or reliability of faecal evaluation considering not only stool form but also volume, colour, and odour, simultaneously. Here, we developed an easy to use tool that allows immediate visual comparison and observation of the actual faeces. The tool is the size of a postcard and consists of an actual-size cylindrical model for faecal volume, a modified form model based on the BSFS, and a colour scale for evaluating the stool colour, as seen in Fig. [1](#Fig1){ref-type="fig"}. Moreover, a 10-cm length scale at the edge of the card allows easy measurement of the actual faeces. This study demonstrated the validity of this multifaceted faecal assessment tool that combines several faecal condition evaluations.

Faecal weight has been reported to be associated with the level of dietary fibre intake^[@CR14],[@CR42]^ and the risk of developing colon cancer^[@CR14]^, which has been reported to be lower in cases with daily faecal volume \>150 g^[@CR14]^. Therefore, it is important to observe day-to-day stool volume. A life-size representation of a cylindrical model was used to assess stool volume, and the participants responded according to the number of faecal model units. As there was a strong positive correlation between each participant's observed stool volume and the faecal weight, the observed stool volume reflects the actual measurement of the faecal weight. The estimated faecal weight per unit calculated using the regression equation of the actual faecal weight (y) and the observed stool volume (x) was 47.8 g. This result is useful for the conversion of stool model units into numerical values to determine faeces weight. However, the stool weight estimated using this conversion equation may not precisely convert various stool forms with different densities, such as solid and loose/liquid. Therefore, further research is needed to allow estimation of absolute values.

The moisture content of faeces gradually increased as the stool form according to the BSFS became more watery. Blake *et al*. reported a significant correlation between stool form classified by specialists using the BSFS and faecal moisture content (ρ = 0.701, *P* \< 0.001), which was more strongly correlated than that of volunteers (ρ = 0.491, *P* \< 0.001)^[@CR37]^. The present study yielded similar results, except that the faecal evaluation by each participant in this study showed a stronger correlation (ρ = 0.717, *P* \< 0.001). Moreover, there were significant negative correlations between the observational evaluation of the stool form using the BSFS and the stool hardness or adhesiveness measured using the Creep Meter. There was also a high degree of coincidence in the observational stool form evaluation between each participant and the researcher. These findings suggested that the observational evaluation of stool form using the BSFS reflects the physical properties of faeces, including moisture content, hardness, and adhesiveness, and that it is possible for individuals inexperienced with the BSFS to also observationally evaluate their stool form.

Stool colour is affected by daily diet and by the secretion of digestive fluids, such as bile, and has also been reported to be associated with the occurrence of bile duct disease and colon cancer^[@CR34],[@CR43]^. There were significant differences in the L\*a\*b\* colour space evaluation results using the colourimeter among the observational colour responses, suggesting a discriminative ability to detect differences in stool colour using the faecal assessment tool. In this study, the colours selected by the participants ranged within 3--5 on the faecal assessment tool, and the colours at both extremes were not selected. Colours 1, 2, and 6 from the faecal assessment tool may not have been applicable to any of the faecal samples likely due to the inclusion of healthy participants in the study. In addition, there were no samples with L\*a\*b\* colour values that were outliers in the objective colour evaluation. To evaluate the validity of this faecal assessment tool, it is necessary to examine the tool in a larger population. Moreover, a more detailed classification including further subdivision of colours 3--5 may be needed for healthy individuals. Conversely, a moderate degree of coincidence was observed between each participant's observational evaluation and the researcher's observational evaluation using the colour of the faecal assessment tool, suggesting that this tool can be used by individuals lacking specialized knowledge in the field. Therefore, objective colour evaluation using the L\*a\*b\* colour space was suggested as a reliable method to quantify faecal colour. With further study, this method could become a simple and effective means to assess the effects of faecal colour management.

The observation of stool odour has been used to diagnose gastrointestinal diseases and to evaluate bowel conditions^[@CR23],[@CR44]^. In the present study, there were no significant correlations between the observational odour evaluation by each participant using the faecal assessment tool and the odour intensity index calculated using the odour measuring device. The observational odour evaluation produced different results from volume, form, and colour assessments because there was no reference control for odour. Moreover, the evaluation of odour was based on the participant's empirical and relative senses, and the odour measured by the device measured the overall odour intensity of the faeces without specifying the odour that made people feel uncomfortable. Therefore, the observation of stool odour should be removed from the present tool to refine its overall accuracy. The card tool should be used to evaluate volume, shape, and colour of feces in a manner comparable to visual references.

To date, many studies on the observational evaluation of faeces have been performed in both patients and healthy subjects, but the present study population included only healthy Japanese people. External validation will be necessary in subjects of other ethnicities, languages, regions, age groups, socioeconomic and health status, etc. Moreover, the observations using the faecal assessment tool were performed on a white tray in the present study. As most users will commonly observe their faeces in a toilet bowl, it is possible that the accuracy of evaluation under real-world conditions will be lower than in this study. The strength of this study was that we were able to distinguish faecal conditions even in a small group of healthy individuals in whom faecal conditions were not diverse. Furthermore, faecal assessment tools used in previous studies have only focused on one aspect of faecal condition^[@CR22],[@CR29],[@CR37]^. Our tool allowed multifaceted observations of three different aspects of faecal condition, i.e., volume, form, and colour.

Previous studies revealed a negative correlation between faecal weight and the risk of developing colon cancer^[@CR3],[@CR14]^. Faecal form assessed by BSFS has also been reported to be associated with a number of gastrointestinal diseases^[@CR4],[@CR16]--[@CR20]^. Stool colour is also associated with biliary atresia in infants^[@CR21]^, and upper and lower gastrointestinal bleeding^[@CR22]^. In addition, several studies indicated that faecal volume and form were associated with dietary fibre intake^[@CR27]^ and gut microbiome enterotype^[@CR13]^. Therefore, it is possible that the multifaceted assessment of stool can be used to classify patients according to disease subtype or degree of progression, and it will provide useful information for screening or diagnosis. Moreover, it can contribute to more accurate assessment of daily dietary intake or nutrient status, because self-reported dietary intake has been reported to be underestimated in many cases. While many previous studies have demonstrated the usefulness of understanding faecal condition, these studies were limited by their evaluation of only one aspect of faecal condition or by small sample size. Thus, multifaceted evaluation of faecal condition, especially in large-scale studies, will be required to achieve more accurate screening of various diseases and to gain a better understanding of the status of an individual's diet and nutrition.

We have designed a card tool that enables the self-assessment of stool volume, form, colour, and odour, and compared the observations using this tool with objective evaluations. Satisfactory correlations were observed between the observational and objective evaluations of volume, form, and colour of faeces obtained from healthy adults, suggesting that the illustrative tool addressing volume, form, and colour of faeces can be used to comprehensively assess faecal condition. Further research is necessary for the faecal assessment tool to be useful in screening for diseases or to improve understanding of human health and nutritional conditions.
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